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Abstract 
The influences caused by difference in relative humidity (RH) on the early stage of dry sliding were studied using a 
horizontal ball-on-disc tribotester equipped with air-humidity controller. The ball displacement perpendicular to 
sliding surface and friction force during the initial stage resulted in different consequences with different percentage 
of RH. The middle rate of RH 49% showed a contradictory behavior with the common sense known that friction 
force of sliding decreases with increment of RH. Friction force of sliding can be dominated by water meniscus and 
water viscosity as well as local solid-solid contact in atmosphere at certain rate of RH. 
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1. Introduction 
Considering the influences of atmospheric environment on friction and wear of materials is necessary, especially 
for metals owing to their high reactivity mainly with oxygen and water. The influence of oxygen on friction and 
wear is associated with the formation of the oxide layer on the metallic surface. This layer is known to work as a 
protection to prevent direct metal to metal contact. Besides, studies have shown that metals tribological behavior can 
be very sensitive to relative humidity (RH) [1].Previous researchers found that friction force and wear in sliding can 
be influenced even by extremely low level as several ppb concentration of water [2-3]. According to Goto [1], low 
RH interferes with the adsorption of oxygen, reduces the rate of oxidation and so permits a greater amount of inter-
metallic contact. At high RH, the greater amount of water adsorbed becomes sufficient to work as lubrication 
against inter-metallic contact. In the other words, the relationship of friction force and RH increment should be 
linear, friction force decreases with the RH increment.  
Many researchers have agreed on the difficulty of understanding the surfaces behavior in long-runtime of sliding. 
This is due to numerous factors and processes get involved then surfaces become much complicated to analyze. The 
complication of the process has been explained in steps by Sasada [4].Referring to Fig1,Sasada’s model explains 
that process of generating wear debris during sliding start when metal-to-metal junction formed between surfaces 
then sheared by the frictional motion, small pieces of either surface may become sheared off and adheres to the 
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mating surface. These small piecesare called the “transfer elements”. These transfer elements makes a new asperities 
on the opposite surface and may form a new junction in the course of further sliding. When further shearing occurs, 
resulting in material transfer from the original surface to the counterpart surface or vise-versa, “adheredstuff” is 
formed by an accumulation of the two transferredelements and this stuff still adheres to one of the surfaces. Through 
repetition of such an accumulative process, the transfer stuff grows gradually to a considerable size. This big stuff 
still remains upon the surface; then it is removed from the surface suddenly by a small mechanical impulse from the 
opposite surface. This final stage generates “wear particle”. It is quite difficult topreciselyanalyze the phenomena 
while reaching this stage of phenomena due to the complication of the process. Sasada’s model is conceptual and 
hasa very comprehensive explanation about the wear particle formation. However, the model stillcannot explain 
some phenomena appear in very early stage.Nevertheless, the very early stage of sliding has received little attention. 
Considering the very early stage of sliding is necessary, with regard to the fact that this stage is an initial step of 
natural oxide‘protective’ layer damage followed by other surface complications taking place. By utilizing early 
stage analysis, results can be understood more precisely before surface complications take place. 
This paper is an attempt to understand the influences ofRH on the veryearly stage of sliding. The experimental 
work was carried out with different rates of RH.This study looked into the initial steady period (ISP) of sliding prior 
to the severe friction occurrence. The results of ball displacement perpendicular to sliding surface and friction force 
showed that the early period of steady behavior was inquisitively influenced by RH changes. The results of this 
study found to partially disagree with Goto’s concept[1] in particular rate of RH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Methodology 
The experimental apparatus used in this investigation was a ball-on-disk tribotester the horizontal type as shown 
schematically in Fig. 2. It was equipped with air-humidity controller. The experimentswere performed at 7, 49, and 
81 % RH respectivelyin room temperature. The purpose of using horizontal ball-on-disk tribotester is to collect the 
wear debris during the experiment in the order of time. The test material of specimens was austenitic stainless steel 
(JIS SUS316) for both ball and disk. Dry sliding experiments were conducted for 2,000 rotations. However, the data 
analyses of ball displacementand friction force in this paper are limited to the first 5 rotations of disk, since it is 
about an initial stage investigation. 
The shapes and dimensions of the ball and disk specimens are shown in Fig. 3.The diameters of ball and sliding 
track on disk were 8 and 20 mm, respectively. The surface of disk specimen to be tested was polished using 3 
micrometer diamond slurry,and the typical surface roughness of  the ball and disk was 0.161and 0.005 μmRa, 
respectively. Both of thespecimens were twice cleaned ultrasonically using a mixture of acetone and hexane for 10 
minutes each. Table 1 illustrates the data of experimental conditions. 
 
Fig.1.Sasada’s model of adhered stuff transfer and growth during sliding [4]. 
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                                                                         Table 1. Experimental conditions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Horizontal ball-on-disk tribotester. 
 
Fig.3. Shapes and dimensions of the specimens. 
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3. Results and Discussion 
The results of ball displacement and friction force versus sliding distance are plotted in Fig. 4 and Fig. 5 
respectively. In Fig. 4 and Fig. 5, ball was released to contact against the rotating disk at approximately middle of 
the first rotation. After the contact immediately the initial steady period (ISP) started and lasted until the beginning 
of severe adhesion accompanied by continual high spikes of specimen displacement and friction force. During ISP 
the sliding surfaces performed steadily and no such continual high spikes were found. 
3.1 Effect of humidity on ball displacement and friction force 
Fig. 4 shows the influence of RH on ball displacement. Studying the ball displacement isconsidered as an 
approach to identify the vertical mutual displacement of the specimens. Fluctuations of curves appears in Fig. 4 are 
attributed to the effect of ball displacement perpendicularto thedisk surface during sliding. This vertical 
displacementresults from the forming andgrowth of adhered stuffs in between sliding surfaces. In the other words, 
ball displacement results show the stages of adhered stuff forming and growth while sliding. While Fig. 5 shows the 
influence of RH on friction force of sliding thatresults from the adhesionof asperities in contact. 
The steadiness of ISP in Fig. 4 is attributed to the absence of adhered stuff presencein this stage of sliding. 
During this period, major metal-metal contact did not take place yet because of the presence of oxide protective 
layer. After ISP, continuous large fluctuation can be seen in Fig. 4 and Fig. 5. This stage of sliding can be described 
as the stagemutual transfer and growth of adhered stuffs as explained earlier by Sasada [4], refer to Fig. 1.During 
this period, asperity to asperity adhesion happens after the damage of the protective layer and leads to metal transfer 
and merge. By long distance running, the wear debris will be formed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 4.Changes in displacement of ball specimen for different RH 
rate.
Fig. 5.Changes in Friction force for different RH rates. 
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In tribology, it became a common sense of researchers that adsorbed water layer due to humidity acts as a 
lubricant with the sliding surfaces as explained by Goto[1]. At the same time, the situation of two surfaces in (near) 
contact forms a potentially suitable geometry for the formation of a water bridge at humid environment. This 
phenomenon of water vapor condensing in narrow gaps and cavities is known as water meniscus [5]. The current 
results in Figs4 and 5, the ISP length was different with different RH rate. In dry atmosphere of 7% RH, the ISP 
length was short and got some small spikes shown in Fig5. Hence, low RH speeds up the damage of protective oxide 
layer under the adhesion effect. On the other hand, in humid atmosphere of 81% RH can experience the ISP time 
obviously longer. The high RH content is effectively works as a lubricant and elongates the time beforethe damage 
of protective oxide layer. Theseresults give good agreement with the common sense. However, an interesting 
phenomenon was found with 49% RH andthe ISP time was shorter than those at 7% and 81%RH; this behavior 
contradicts Goto’s concept [1]. For repeatability conformation, experiments have been conducted twice at each RH 
and given same results. This result agrees with previous findings[6] when highest specific wear rate has been 
recorded at medium RH range. Theadhesion at 49% RH might be additionally dominated by the adsorbed water 
meniscus effects and leads to exhibit a little higher average coefficient of friction than other RH rates. Meniscus of 
water at this particular RH rate, in the wedge between ball and disk surface local contacts leads to increase the 
normal force and shear resistance against sliding. Ando [7] suggested that increment of friction force with RH was 
caused by the increase of both pull-off force and viscous resistance of water film.A study has demonstrated that the 
viscosity of water can increase 7 orders of magnitude compared to that of bulk liquid water under very small 
confinement [8]. Fig. 6 demonstrates the interface phenomena of adsorbed water layer thickness for different local 
contacts. At low RH of 7%, thin adsorbed water layer was not able to cover and protect the oxide film at that time 
solid-solid local contact occurred, at the same while thickness of water insufficient to form strong meniscus. As a 
result, the ISP appears relatively short as shown earlier in Fig. 5. At medium RH of 49% in Fig. 6, the strong 
meniscus effects additional to solid-solid local contacts make surfaces tends to start the severe adhesion earlier, 
which makes the ISP the shortest among others as shown in Fig. 5. At RH of 81% in Fig. 6, thickness of adsorbed 
water layer is high and works good as a hydrodynamic lubricant to prevent solid-solid contact before water 
desorption start due to surface temperature elevation. Thus, the ISP at RH of 81% is appearing longer and steadier 
than other rates as shown in Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Interface phenomena under different RH rate. 
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4. Conclusions 
In this study, the specimen displacement and friction force were examined as a function of the RH. Authors 
suggest that in medium rate of RH, the meniscus effect, solid-solid asperity contact and viscosity increment due to 
confinement between asperities are parameters dominating the interface phenomena and lead to starting the severe 
metal-metal adhesion faster. To further investigate these phenomena, studying the adsorbed water layer properties 
and thickness precisely with different RH rates is necessary. 
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